Differential inhibition of cytosolic PEPCK by substrate analogues. Kinetic and structural characterization of inhibitor recognition.
The mechanisms of molecular recognition of phosphoenolpyruvate (PEP) and oxaloacetate (OAA) by cytosolic phosphoenolpyruvate carboxykinase (cPEPCK) were investigated by the systematic evaluation of a variety of PEP and OAA analogues as potential reversible inhibitors of the enzyme against PEP. The molecules that inhibit the enzyme in a competitive fashion were found to fall into two general classes. Those molecules that mimic the binding geometry of PEP, namely phosphoglycolate and 3-phosphonopropionate, are found to bind weakly (millimolar Ki values). In contrast, those competitive inhibitors that mimic the binding of OAA (oxalate and phosphonoformate) coordinate directly to the active site manganese ion and bind an order of magnitude more tightly (micromolar Ki values). The competitive inhibitor sulfoacetate is found to be an outlier of these two classes, binding in a hybrid fashion utilizing modes of recognition of both PEP and OAA in order to achieve a micromolar inhibition constant in the absence of direct coordination to the active site metal. The kinetic studies in combination with the structural characterization of the five aforementioned competitive inhibitors demonstrate the molecular requirements for high affinity binding of molecules to the active site of the enzyme. These features include cis-planar carbonyl groups that are required for coordination to the active site metal, a bridging electron rich atom at the position corresponding to the C2 methylene group of OAA to facilitate interactions with R405, a carboxylate or sulfonate moiety at a position corresponding to the C1 carboxylate of OAA, and the edge-on aromatic interaction between a carboxylate and Y235.